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(54) A semiconductor laser and a method for producing the same 



(57) A semiconductor laser device according to the 
present invention includes: a semiconductor substrate 
having a first conductivity type; and a semiconductor 
multilayer structure provided on the semiconductor sub- 
strate, the semiconductor multilayer structure including 
an active layer. The semiconductor multilayer structure 
includes: a lower cladding layer provided below the ac- 



tive layer, the lower cladding layer having the first con- 
ductivity type; an upper cladding structure provided 
above the active layer, the upper cladding structure hav- 
ing a second conductivity type; and a cap layer provided 
above the upper cladding structure. A ridge is formed in 
the upper cladding structure, and a width of a lowerface 
of the cap layer is larger than a width of an upper face 
of the ridge. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present Invention relates to a highly reliable 
semiconductor laser and a method tor producing the 
same which requires relatively small power consump- 
tion. 

2. DESCRIPTION OF THE RELATED ART: 

Various techniques have been explored for provid- 
ing a highly reliable semiconductor laser which requires 
relatively small power consumption. For example, Jap- 
anese Laid-Open Patent Publication No.5-1 60503 dis- 
closes a semiconductor laser device having a ridge 
guide structure of a so-called actual retractive index 
guide type. 

Referring to Figure 8 : the above-mentioned con- 
ventional semiconductor laser is described. This semi- 
conductor laser includes an n-GaAs buffer layer 202 
(thickness: about 0.5 fim), an n-AI 05 GaQ 5 As lower clad- 
ding layer 203 (thickness: about 1 ujti), an n- 
AIq 15 Gao 85 As active layer 204 (thickness: about 0.07 
p.m), a p-AI 0 5 Ga 0 5 As upper cladding layer 221 (thick- 
ness: about 1 ^m in a ridge portion and about 0.15 |_im 
in regions other than the ridge), a p-GaAs cap layer 208 
(thickness: about 0.2 ujti), an n-Al 0 65 Ga 0 35 As current 
blocking layer 209 (thickness: about 0.5 \m\), an n-GaAs 
protection layer 220 (thickness: about 0.5 um), and a p- 
GaAs contact layer 212 (thickness: about 3 u,m) formed 
on an n-GaAs substrate 201. A ridge 213 is formed in 
the upper cladding layer 221 . 

Hereinafter, a method tor producing the above- 
mentioned conventional semiconductor laser is de- 
scribed with reference to Figures 9A to 9D. 

First, in the first stage of semiconductor layer crystal 
growth shown in Figure 9A : the n-GaAs buffer layer 202, 
the n-Al 05 Ga 05 As lower cladding layer 203, the 
A, o.i5 Ga o.85 As a ct ' ve la Y er 204, the p-AI 0 ^Ga^ 5 ^s upr 
per cladding layer 221, and the p-GaAs cap layer 208 
are sequentially formed on the n-GaAs substrate 201 
(Step A). 

Next, as shown in Figure 9B, a dielectric film 216 
(e.g., nitride or silicon oxide film) is formed in a striped 
shape on the p-GaAs cap layer 208. By using the die- 
lectric film 21 6 as a mask, the p-GaAs cap layer 208 and 
the p-AI 0 5 Ga 0 5 As upper cladding layer221 are partially 
etched away, thereby leaving a ridge 213 (Step B). 

Next, in the second stage of semiconductor layer 
crystal growth shown in Figure 9C, by using the dielec- 
tric film 216 again as a mask, the n-Al 0 e5 Qa o .35 As cur ~ 
rent blocking layer 209 and the n-GaAs protection layer 
220 are selectively grown so as to be present only on 
the side faces of the p-GaAs cap layer 208 and on the 
p-Al 0 5 Ga 0 5 As upper cladding layer 221 by MOCVD 



(metal organic chemical vapor deposition) (Step C). 

Next, as shown in Figure 9D, the dielectric film 216 
is removed. In a third stage of semiconductor layer crys- 
tal growth, the p-GaAs contact layer 212 is formed so 

s as to cover all of the portions of the p-GaAs cap layer 
208, the n-AI 0 65 Ga 0 35 As current blocking layer 209, 
and the n-GaAs protection layer 220 that are exposed 
on the surface (Step D). 

Finally, an electrode is formed on each of the n- 

10 GaAs substrate 201 and the p-GaAs contact layer 212 
to complete the semiconductor laser. The above-de- 
scribed conventional semiconductor laser achieves la- 
ser oscillation by confining light and an electric current 
in a region below the Al 0 15 Gao 85 As active layer 204. 

is As described above, the above conventional semi- 
conductor laser has a ridge guide structure where a por- 
tion of the p-AI 0 5 Ga 0 5 As upper cladding layer 221 de- 
fines the ridge 213. At Step B, the p-AI 0 5 Ga 0 5 As upper 
cladding layer 22-1 is inevitably exposed to the atmos- 

20 phere after the formation of the ridge 213. In general, a 
portion of an AIGaAs layer exposed to the atmosphere 
forms a deep energy level because of its Al content, 
which is an element relatively susceptible to oxidation. 
This causes the AIGaAs layer to absorb some light, 

25 thereby degrading the reliability of the semiconductor la- 
ser. In cunuast, mi the abovw-iTientionsd conventional 
semiconductor laser, the portion which was actually ex- 
posed to the atmosphere is located at a certain distance 
from the active region thereof, so that the unfavorable 

30 light absorption occurring in such exposed portions is 
substantially reduced. Thus, the above-mentioned con- 
ventional semiconductor laser attains a high reliability. 

Moreover, the conventional semiconductor laser 
confines light along the horizontal direction only in terms 

35 of the actual refractive index, i.e., by providing the n- 
Al 0 6s Ga o.35 As current blocking layer 209 (having a 
smaller refractive index than that of the p-AI 0 5 Ga 0 5 As 
upper cladding layer 221 ) on the outside of the ridge 21 3 
of the p-Alo^Gao gAs upper cladding layer 221. Since 

40 this structure (often referred to as the "actual refractive 
index guide type structure") attains the horizontal con- 
finement of light without utilizing light absorption, it can 
reduce the propagation loss during laser oscillation, 
which in turn reduces the power consumption of the la- 

45 ser. 

In the above-mentioned method for producing a 
conventional semiconductor laser device, the dielectric 
film 216 is layered above the ridge 213 during the step 
of forming the ridge 213. During the subsequent 
50 MOCVD growth, the n-AI 0 65 Ga 0 35 As current blocking 
layer 209 and the n-GaAs protection layer 220 are se- 
lectively formed only in regions other than in the dielec- 
tric film 216. As a result, the n-AI 0 ^GaQ 35 As current 
blocking layer 209 and the n-GaAs protection layer 220 
55 are prevented from being formed on the ridge 21 3 during 
the second crystal growth. 

Moreover, the n-AI 0 65 Ga 0 35 As current blocking 
layer 209 and the n-GaAs protection layer 220 of the 
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conventional device are formed during the second crys- 
tal growth. Although the n-AI 0 65 Ga 0 35 As current block- 
ing layer 209 would suffice to confine light and an elec- 
tric current, the n-GaAs protection layer 220 ensures 
that GaAs (which is relatively immune to oxidation) ex- s 
tends over a large region of the surface of the device 
before the third crystal growth. Thus, the crystallinity of 
the p-GaAs contact layer 212 formed through the third 
crystal growth improves as compared with the case 
where the n-GaAs protection layer 220 is not provided. io 

HF (hydroxy fluoride) is generally used for etching 
away the dielectric film 216. In the conventional semi- 
conductor laser device, the n-GaAs protection layer 220 
provided on the n-AI 0 ss Ga o .35 As current blocking layer 
209 makes it possible to use HF for etching away the 
dielectric film 216. Specifically, HF is capable of etching 
an Al x Ga 1 . x As layer where x is equal to or larger than 
0.4 at a fast etching rate, but the n-GaAs protection layer 
220 prevents the n-AI 0 ggGao ^As current blocking lay- 
er 209 from being etched during the process of etching 20 
the dielectric film 216. 

However, the inventors of the present invention at- 
tempted producing the above-described conventional 
semiconductor laser device and tested its operation, 
which revealed a number of problems which are de- 25 
scribed below. 

Firstly, the aforementioned conventional semicon- 
ductor laser device requires a higher driving voltage 
than those of lasers of other structures existing prior to 
this device. A study by the present inventors revealed 30 
that the crystallinity of the p-GaAs contact layer 212 in 
regions where it comes in contact with the n- 
AIq 65 Gao 35 As current blocking layer 209 deteriorates 
so that such regions become highly resistive. 

More specifically, in the aforementioned conven- 35 
tional semiconductor laser, the n- Al 0 65 Ga 0 35 As current 
blocking layer 209 and the n-GaAs protection layer 220 
are formed during the second crystal growth, thereby 
ensuring that a large region of the surface of the device 
before the third crystal growth is GaAs (which is rela- *o 
tively immune to oxidation) so as to improve the crystal- 
linity of the p-GaAs contact layer 212 formed thrpugh 
the third crystal growth. However, a certain width of n- 
AI 0 .65 Ga o.35 As current blocking layer 209 is present on 
each side of the p-GaAs cap layer 208 (defining part of 45 
the ridge) on the surface of the laser, device prior to the 
third crystal growth. In the aforementioned semiconduc- 
tor laser device produced by the present inventors, the 
width of the above-mentioned portion (appearing on 
each side of the p-GaAs cap layer 208 on the surface) so 
of the n-Afo 55Ga 0 35AS current blocking layer 209 was 
about 0.47 jjm, which is only slightly smaller than the 
thickness (about 0.5 pm) of the portions of the n- 
AIq ^GaQ 35 As current blocking layer 209 present above 
the p-AI 0 sGaQ 5 As upper cladding layer 221 in regions 55 
other than the ridge. Owing to the oxidation of the AI 
content in the n-AI 0 ^Ga^ 35 As current blocking layer 
209, the crystallinity of the region of the p-GaAs contact 



layer 212 (formed through the third crystal growth) on 
the n-AI 0 65Ga 0 35As current blocking layer 209 may de- 
teriorate, thereby increasing the resistivity of the region. 
Since an lectric current concentrates in the portion of 
the p-GaAs contact layer 212 adjacent to the ridge : any 
increase in resistivity has a large undesired influence in 
this region, thereby substantially increasing the driving 
voltage of the semiconductor laser. 

Moreover, the n-GaAs protection layer 220 of the 
aforementioned conventional semiconductor laser, 
which is provided on the n-AlQ 65 GaQ 35 As current block- 
ing layer 209, is intended to prevent the n- 
Al 0 65 Ga 0 ssAs current blocking layer 209 from being 
etcned during the process of etching the dielectric film 
212 with HF. However, the n-AI 0 .6S Ga o.35 As current 
blocking layer 209 is still susceptible to etching by HF 
in the regions appearing on both sides of the p-GaAs 
cap layer 208 at the ridge. If the n-Alo .$s Ga o .3sAs current 
blocking layer 209- is overly etched, the semiconductor 
laser may not oscillate. 

Secondly, the aforementioned conventional semi- 
conductor laser device has a short life under continuous 
operation. This problem may be caused by dislocations 
occurring within the device, which are presumably 
caused by the use of a nitride film in the production proc- 
ess. Specifically, the production of the conventional 
semiconductor laser involves an MOCVD selective 
growth, which utilizes the dielectric film 216 formed on 
the p-GaAs cap layer 208. The MOCVD selective 
growth is generally conducted at a temperature from 
about 650°C to about 800°C. If a dielectric film formed 
on a semiconductor layer is exposed to such a high tem- 
perature, the semiconductor layer experiences a large 
amount of stress owing to the difference in the thermal 
expansion coefficient between the semiconductor layer 
and the dielectric film, thereby allowing a large number 
of dislocations to be generated. In general, the reliability 
of the semiconductor laser substantially decreases as 
the number of dislocations generated in the laser emis- 
sion region increases. It is contemplated that the afore- 
mentioned conventional laser device includes a number 
of locations in the laser emission region thereof, thereby 
resulting in the short operation life thereof. 

Thirdly, the MOCVD selective growth of the AIGaAs 
layer utilizing a dielectric film requires a corrosive gas, 
e.g., HCI, to be simultaneously used, thereby making it 
difficult to handle and/or maintain the MOCVD device. 

SUMMARY OF THE INVENTION 

In one aspect, the present invention provides a 
semiconductor laser device including: a semiconductor 
substrate having a first conductivity type; and a semi- 
conductor multilayer structure provided on the semicon- 
ductor substrate, the semiconductor multilayer structure 
including an active layer, wherein the s miconductor 
multilayer structure further includes: a lower cladding 
layer provided below the active layer, the lower cladding 
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layer having the first conductivity type; an upper clad- 
ding structure provided above the active layer, the upper 
cladding structure having a second conductivity type; 
and a cap layer provided above the upper cladding 
structure, the cap layer having the second conductivity 
type, and wherein a ridge is formed in the upper cladding 
structure, and a width of a lower face of the cap layer is 
larger than a width of an upper face of the ridge. 

In one embodiment of the invention, the semicon- 
ductor multilayer structure further includes: a current 
blocking layer substantially interposing the cap layer 
and the ridge on both sides, the current blocking layer 
having the first conductivity type; and a protection layer 
substantially interposing the current blocking layer sub- 
stantially on both sides. 

In another embodiment of the invention, the active 
layer has a retractive index larger than a refractive index 
of the lower cladding layer and a retractive index ot the 
upper cladding structure, and the current blocking layer 
has a refractive index smaller than the refractive index 
of the uppei cladding structure. 

In slill another embodiment of the invention, the up- 
per cladding structure and the current blocking layer in- 
clude Al and the cap layer and the protection layer in- 
clude zero or more Al, the cap layer including less Al 
than the upper cladding structure, and the protection 
layer including less Al than the current blocking layer. 

in siiii another embodiment of the invention, the up- 
per cladding structure includes: a first upper cladding 
layer having the second conductivity type; an etching 
stop layer having the second conductivity type: and a 
second upper cladding layer having the second conduc- 
tivity type, and the ridge is substantially formed in the 
second upper cladding layer. 

In still another embodiment of the invention, the 
etching stop layer includes a composition different from 
a composition of the first upper cladding layer and a 
composition of the second upper cladding layer. 

In still another embodiment of the invention, each 
of side faces of the cap layer constitutes about 90° or 
more with respect to the tower face of the cap layer. 

In still another embodiment of the invention,, each 
of side faces of the upper cladding structure constitutes 
about 90° or less with respect to a lower face of the up- 
per cladding structure. 

In still another embodiment of the invention, the 
semiconductor laser device satisfies the relationship 0.3 
p.m < W2 - W3 < 3 u.m, where W2 is a width of the lower 
face of the cap layer; and W3 is a width of the" upper 
face of the ridge. 

In still another embodiment of the invention, the 
semiconductor laser device satisfies the relationship 
(W1 - W3)/2d1 < 3, where W1 is a width of the upper 
face of the cap layer W3 is a width of the upper face of 
the ridge; and d1 is a thickness of the cap layer. 

In stilt another embodiment of the invention the pro- 
tection layer includes at least a first protection layer and 
a second protection layer, which are arranged so that 



the first protection layer is substantially interposed be- 
tween the second protection layer and the current block- 
ing layer, the first protection layer having the first con- 
ductivity type, and the second protection layer having 
s second conductivity type. 

In still another embodiment of the invention, the 
semiconductor laser device satisfies the relationship d2 
> 0.2 jam, wherein d2 is a thickness of the current block- 
ing layer. 

io In still another embodiment of the invention, the 
semiconductor laser device satisfies the relationship d2 
+ d3 > 0.4 u.m, wherein 62 is a thickness of the current 
blocking layer; and d3 is a thickness of the first protec- 
tion layer. 

15 in another aspect, the present invention provides a 
method for producing a semiconductor laser, the meth- 
od including the steps of: depositing, in this order, a low- 
er cladding layer having a first conductivity type, an ac- 
tive layer, an upper cladding structure having a second 
20 conductivity type, and a cap layer having the second 
conductivity type on a semiconductor substrate having 
the first conductivity type; forming a stripe-shaped first 
etching protection film on the cap layer, the stripe- 
shaped first etching protection film functioning as a 
25 mask; forming a ridge in the upper cladding structure by 
etching away predetermined regions ot the cap layer 
and the upper cladding structure which are not substan- 
tially covered by the mask, the ridge having an upper 
face having a width smaller than a width of a lower face 
30 of the cap layer. 

In one embodiment of the invention, the upper clad- 
ding structure is etched at an etching speed faster than 
an etching speed for the cap layer during the step of 
forming a ridge. 
35 In another embodiment of the invention, the step of 
depositing the upper cladding structure comprises a 
step of depositing, in this order, a first upper cladding 
layer having the second conductivity type, an etching 
stop layer having the second conductivity type, and a 
40 second upper conductivity type having the second con- 
ductivity type; and the step of forming a ridge having an 
upper face having a width smaller than a width of a lower 
face of the cap layer forms the ridge in the second upper 
cladding by etching away predetermined regions of the 
45 cap layer and the second upper cladding layer of the 
upper cladding structure which are not substantially cov- 
ered by the mask so as to form a ridge in the upper clad- 
ding structure. 

In still another embodiment of the invention, the 
50 second upper cladding layer is etched at an etching 
speed faster than an etching speed for the cap layer dur- 
ing the step of forming a ridge. 

In still another embodiment of the invention, the 
etching stop layer has a composition different from a 
55 composition of the first upper cladding layer and a com- 
position of the second upper cladding layer. 

In still another embodiment of the invention, the 
method further includes, subsequent to the step of form- 
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ing a ridge, the steps of: forming, in this order, a current 
blocking layer having the first conductivity type and a 
protection layer so that the current blocking layer and 
the protection layer substantially cover the cap layer and 
side faces of the ridge; forming a second etching pro- s 
tection film in regions other than a uppermost portion of 
the protection layer projecting upward above the cap 
layer, and removing a portion of the protection layer and 
the current blocking layer that is formed above the cap 
layer. 10 

In still another embodiment of the invention, the 
step of removing a portion of the protection layer and 
the current blocking layer comprises a step of selectively 
r moving only the protection layer by an etching which 
provides a faster etching speed for the protection layer is 
than for the current blocking layer. 

In still another embodiment of the invention, the 
step of removing a portion of the protection layer and 
the current blocking layer comprises a step of, after se- 
lectively removing only the protection layer, etching the 20 
current blocking layer by an etching which provides a 
substantially equal etching speed for both the protection 
layer and the current blocking layer. 

In still another embodiment of the invention, the 
step of etching the current blocking layer includes a step 25 
of etching the side faces of the cap layer, the current 
blocking layer in the vicinity of the side faces of the cap 
layer and the protection layer. 

In still another embodiment of the invention, the ac- 
tive layer has a refractive index larger than a refractive 30 
index of the lower cladding layer and a refractive index 
of the upper cladding structure, and the current blocking 
layer has a refractive index smaller than the refractive 
index of the upper cladding structure. 

In still another embodiment of the invention, the up- 35 
per cladding structure and the current blocking layer in- 
clude Al; and the cap layer and the protection layer in- 
clude zero or more Al, the cap layer including less Al 
than the upper cladding structure, and the protection 
layer including less Al than the current blocking layer. 40 

The semiconductor laser according to the present 
invention is constructed so that the width of the cap Jay er 
becomes larger than the width of the upperrhdst portion 
of the upper cladding layer during the first stage of crys- 
tal growth. As a result, when loaning the current block- 45 
ing layer and the protection layer(s) in the second stage 
of semiconductor crystal growth using a MOC VD growth 
method, the thickness of the portions of the Al-conlain- 
ing current blocking layer adjacent to the ridge can be 
reduced. In other words, the exposed portion of the Al- so 
containing current blocking layer (which is susceptible 
to oxidation) is reduced. Specifically, the area of the side 
faces of the ridge is increased so as to relatively reduce 
the amount of material supplied along the ridge side fac- 
es, thereby resulting in a relatively slow growth rate ss 
along the ridge side faces. As a result, the det rioration 
in the crystal I inity ol the contact layer formed through 
the third stage of crystal growth is confined in only the 
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small regions adjacent to the ridge side faces, whereby 
the driving voltage of the semiconductor laser is pre- 
vented from increasing. 

In the case where an etching is performed by using 
HF or the like after the second stage of crystal growth, 
the current blocking layer can be more effectively pre- 
vented from being etched than in conventional tech- 
niques because of the small width of the portions of the 
current blocking layer adjacent to the ridge side faces. 

According to the method for producing a semicon- 
ductor laser of the present invention, the second stage 
of crystal growth is performed without using a dielectric 
film so that the semiconductor layers are prevented from 
having dislocations. Moreover, since it is unnecessary 
to empby a corrosive gas, it facilitates the management 
and operation of the MOC VD apparatus. 

Furthermore, according to the production method 
of the present invention, the current blocking layer (con- 
taining a relatively large amount of Al) and the protection 
layer(s) (containing a relatively small amount of Al) are 
sequentially lormed. Next, when removing the layers 
formed above the ridge, the protection layer(s) is selec- 
tively etched, whereafter the remaining iayer(s) on the 
ridge are etched away. By dividing the etching process 
into two steps, it becomes possible to complete the se- 
lective etching of the cap layer and the etching of the 
other layers in relatively short time periods. As a result, 
the occurrence of unsatisfactory products due to exces- 
sive or insufficient etching can be reduced. 

Thus, the invention described herein makes possi- 
ble the advantages of (1) providing a low- resistance 
semiconductor laser device in which the crystallinity of 
the contact layer is improved; (2) providing a highly re- 
liable semiconductor laser in which dislocations are pre- 
vented from occurring in the active region; and (3) a 
method for producing such semiconductor laser devic- 
es. 

These and other advantages of the present inven- 
tion will become apparent to those skilled in the art upon 
reading and understanding the following detailed de- 
scription with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view showing a semi- 
conductor laser device according to Example 1 of the 
present invention. 

Figure 2 is a cross-sectional view showing a semi- 
conductor laser device according to Example 2 of the 
present invention. 

Figures 3A and 3B are cross -sectional views show- 
ing a semiconductor laser device according to Example 
3 of the present invention. 

Figure 4 is a cross-sectional view showing a semi- 
conductor laser device according to Example 4 of th 
present invention. 

Figure 5 is a cross-sectional view showing a semi- 
conductor laser device according to Example 5 of the 



JCID: <EP 07B5602A1 I > 



5 



9 



EP 0 785 602 A1 



10 



present invention. 

Figures 6 A to 6J are cross-sectional views illustrat- 
ing respective production steps of a semiconductor la- 
ser device according to Example 1 of the present inven- 
tion. 

Figures 7A and 7B are cross-sectional views illus- 
trating production steps of a semiconductor laser device 
according to Example 3 of the present invention. 

Figure 8 is a cross-sectional view showing a con- 
ventional semiconductor laser device. 

Figures 9A to 9D are cross-sectional views illustrat- 
ing production steps of a conventional semiconductor 
laser device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, with reference to the accompanying fig- 
ures, the present invention will be described by way of 
illustrative examples. 

(Example 1) 

A semiconductor laser according to Example 1 of 
the present invention will be described with reference to 
higure "I. 

The semiconductor laser shown in Figure 1 in- 
cludes a semiconductor multilayer structure (including 
a plurality of semiconductor layers which are epitaxially 
grown) formed on an n-GaAs substrate 101 (thickness: 
about 50 ujti to about 130 ujti). 

The semiconductor multilayer structure includes: 
an n-GaAs buffer layer 102 (thickness: about 0.1 jam to 
about 1 .0 ujti), an n-Al x Ga 10£ As lower cladding layer 1 03 
(thickness: about 0.5 \im to about 2.0 u.m) (0.45 < x < 
0.65), an Al y Ga-,. y As active layer 104 (thickness: about 
0.01 u-m to about 0.1 pjn) (0.07 < y < 0.16), a p- 
A^Ga^As first upper cladding layer 105 (thickness: 
about 0.1 ujti to about 0.4 ujti) (0.45 < z < 0.65), and a 
p-GaAs etching stop layer 106 (thickness: about 0.002 
jim to about 0.004 ujti), which are laminated in this order 
on the substrate 101. 

Furthermore, the semiconductor multilayer 7 struc- 
ture includes a p-AlyGa^Ga second upper cladding 
layer 107 (thickness: about 0.3 ujti to about 1.5 ujti) 
(0.45 < u < 0.65) having a ridge 11 3 and a p-GaAs cap 
layer 108 (thickness: about 0.2 ulm to about 1.0 ujti) 
above and in the vicinity of the central portion of the p- 
GaAs etching stop layer 1 06. The p-GaAs cap layer 1 08 
is formed on the second upper cladding layer 1 07. More- 
over, the semiconductor multilayer structure includes an 
n-A^Ga^As current blocking layer 109 (thickness: 
about 0.2 um to about 1 .0 ujti) (0.5 < v < 0.85) and an 
n-GaAs first protection layer 110 (thickness: about 0.2 
urn to about 1.0 u.m), and a p-GaAs second protection 
layer 111 (thickness: about 0.5 u-m to about 1 .5 u.m) lam- 
inated in this order away from the substrate 101. The 
layers 109, 110, and 111 are formed so as to interpose 



the second upper cladding layer 107 and the cap layer 
108 on both sides. A p-GaAs contact layer 112 (thick- 
ness: about 70 nm) is further formed on the cap layer 
108. 

s Herein, x, y, z, u, and v represent respective com- 
ponent ratios where v > u and x, z, u > y. 

The width of the lower face of the p-GaAs cap layer 
108 is prescribed at a value larger than the width of the 
upper face of the p-Al u Ga Vu Ga second upper cladding 

io layer 1 07. The width of the lowermost portion of the p- 
Al u Ga 1 . u As second upper cladding layer 107 (which de- 
fines the lowermost portion of the ridge) is prescribed at 
about 0.5 jj.m to about 5.0 ujti. The p-GaAs cap layer 
108 is formed in such a manner that each side facecon- 

15 stitutes an angle of 90° or more with respect to the bot- 
tom face. The p-A^Ga^Ga second upper cladding lay- 
er 107 is formed in such a manner that each side face 
constitutes an angle of 90° or less with respect to the 
bottom face. 

20 Now, a method for producing the above-mentioned 
semiconductor laser shown in Figure 1 is described with 
reference to Figures 6A to 6J. 

First, in the first stage of semiconductor layer crystal 
growth shown in Figure 6A, the n-GaAs buffer layer 102, 
25 the n-Al x Ga-,. x Ga lower cladding layer 103, the 
Ai y Gci 1 _ y As active layer 1 04, the p-A! z Ga-, first upper 
cladding layer 105, the p-GaAs etching stop layer 106, 
the p-A! u Ga-. u As second upper cladding layer 107. and 
the p-GaAs cap layer 108 are grown in this order on the 
30 n-GaAs substrate 101 (by using MOCVD growth tech- 
nique, for example). 

Next, as shown in Figure 6B, a resist film 114 is 
formed in a striped shape (in the (011) orientation) on 
the p-GaAs cap layer 108 by using known photolithog- 
35 raphy techniques. 

Next, as shown in Figure 6C, the p-GaAs cap layer 
108 and the p-Al u Ga Vu As second upper cladding layer 
107 are partially etched in regions where the resist film 
114 is not formed. This etching process is performed by 
40 a method which provides little selectivity between Al- 
GaAs and GaAs. The etching time is controlled so that 
a portion of the p- Al^ _ u As second upper cladding lay- 
er 107 remains on the entire upper face of the p-GaAs 
etching stop layer 106 without completely removing the 
45 p-A^Ga^As second upper cladding layer 107. 

The etching method can be, for example, wet etch- 
ing using a mixture of H 2 S0 4 : H 2 0 2 : H 2 0 = 1: 8: 50 as 
an etchant. Since this etchant has some anisotropy in 
the etching speed for GaAs, the p-GaAs cap layer 108 
so can be etched into a so-called reversed mesa shape 
where each side face thereof constitutes an angle of 90° 
or more with respect to the bottom face thereof, by etch- 
ing the GaAs in a striped shape along the (011 ) orienta- 
tion. Since this etchant has a slightly faster etching 
S5 speed for AIGaAs than GaAs.. the width of the lower face 
of the p-GaAs cap layer 108 can be made larger than 
the width of the upper face of the p-AIGaAs second up- 
per cladding layer 107 after the etching. 



6 



OClD:<EP 07B5602A1 I > 



11 



EP 0 785 602 A1 



12 



Next, as shown in Figure 6D, the p- AIGaAs s cond 
upper cladding layer 107 is selectively etch d by using 
an etchant which provides a slower etching speed for 
GaAs than AIGaAs. As a result, the p-AlyGa^As sec- 
ond upper cladding layer 107 is etched away in regbns 
where the resist film 114 is not formed so that the re- 
mainder of the p-AlyGa^yAs second upper cladding lay- 
er 107 forms the ridge 113. It is ensured that the ridge 

113 is shaped so that the width of (both the upper face 
and the lower face of) the p-GaAs cap layer 1 08 is larger 
than the width of (both the upper face and the lower face 
of) the p-AlyGa^yAs second upper cladding layer 107. 
HF can be suitably used as the etchant, for example. 
The resist film 114 is removed after this etching process. 

Next, in the second stage of semiconductor layer 
crystal growth shown in Figure 6E, (after the resist film 

114 is removed,) the n-AlyGa^.^As current blocking layer 

109, the n-GaAs first protection layer 110 and the p- 
GaAs second protection layer 111 are grown on the en- 
tire upper face of the etching stop layer 106 in this order 
by using MOCVD growth techniques. 

Next, as shown in Figure 6F, the n-AlyGa^yAs cur- 
rent blocking layer 109, the n-GaAs first protection layer 

110, and the p-GaAs second protection layer 111 are 
grown in this order so as to entirely cover the ridge 113 
and the side faces and upper face of the p-GaAs cap 
layer 108. An etching protection film 115 (consisting of 
a resist or the like) is formed on the upper face of the p- 
GaAs second protection layer 111 except in the vicinity 
of the summit of the convex portion of the p-GaAs sec- 
ond protection layer 111. 

Next, as shown in Figure 6G, the n-GaAs first pro- 
tection layer 1 1 0 and the p-GaAs second protection lay- 
er 1 1 1 formed above the ridge 1 1 3 are selectively etched 
by using an etchant which provides a slower etching 
speed for AIGaAs than GaAs. As the etchant, NH 4 OH: 
H 2 0 2 : H 2 0 = 1: 30: 50 can be used, for example. 

Next, as shown in Figure 6H, portions of the n- 
AlyGa-, _ v As current blocking layer 109, the n-GaAs first 
protection layer 110, and the p-GaAs second protection 
layer 111 located above the ridge 113 and the vicinity 
thereof are etched so as. to obtain a planar face (inplud- 
ing the upper face of the p-GaAs cap layer 108), by using 
an etchant which provides little selectivity between AI- 
GaAs and GaAs. As the etchant, H 2 S0 4 : H 2 0 2 : H 2 0 = 
1 : 8: 50 can be used, for example. , 

Next, as shown in Figure 61, the etching protection 
layer 115 is removed. 

Next, as shown in Figure 6J, the p-GaAs contact 
layer 112 is formed over the entire planar face including 
the p-GaAs cap layer 108. 

After the above-described steps illustrated in Fig- 
ures 6 A to 6J, an electrode is formed on both of the n- 
GaAs substrate 101 and th p-GaAs contact layer 112, 
thereby accomplishing the semiconductor laser accord- 
ing to Example 1 of the invention (shown in Figure 1). 

Prerequisites for the material composing the etch- 
ing stop layer 106 are that: i) the Al cont nt must be 



smaller than the Al content of the second upper cladding 
layer 107 in order to minim iz the oxidation of the sur- 
face exposed after the formation of the ridge 113; and 
ii) the light absorption by the etching layer 106 must be 
5 minimum. These are the reasons why many convention- 
al techniques employ a layer containing Al at a compo- 
nent ratio of 0.2" to 0.25 as the etching stop layer. How- 
ever, the GaAs etching stop layer 106 (having a thick- 
ness of e.g., 30 angstroms) employed in Example 1 

io does not contain any Al and therefore is very unlikely to 
be oxidized when exposed to the atmosphere after the 
p-AlyGa^yAs second upper cladding layer 107 is re- 
moved in the step of forming the ridge 113. As a result, 
an excellent crystal can be deposited upon the GaAs 

*5 etching stop layer 106 in the subsequent MOCVD step. 
Due to quantum effects, the actual band gap energy 
of the etching stop layer 106 is larger than that of the 
active layer. As a result, the etching stop layer 106 does 
not absorb the light emitted from the active layer. Thus, 

20 in accordance with Example 1 , the etching stop layer 
disposed adjacent to the active layer causes substan- 
tially no propagation loss. 

In Example 1, the ridge 113 is formed so that the 
width of the lower face of the p-GaAs cap layer 1 08 is 

25 larger than the width of the upper face of the p- 
A^Ga^As second upper layer 107, in contrast to con- 
ventional semiconductor lasers. As a result, the thick- 
ness of the n-Al v Ga.,_ v As current blocking layer 109 
formed on the side faces of the p-GaAs cap layer 108 

30 can be reduced, thereby minimizing the area of the n- 
Al v Ga-,_ v As current blocking layer 109 (containing the 
oxidation-susceptible Al component) that is exposed on 
the surface of the semiconductor laser. Thus, the dete- 
rioration in the crystallinity of the contact layer 112 

35 (formed through the third crystal growth) is confined in 
only a small region of the current blocking layer 109 that 
is exposed on the surface. 

Moreover, in Example 1 , each side face of the p- 
GaAs cap layer 108 constitutes an angle (a as shown 

40 in Figure 1 ) of 90° or more with respect to the bottom 
face thereof. The closer toward the substrate 101 the 
side faces of the p-GaAs cap layer 1 08 are oriented, the 
more of the material provided on these side faces accu- 
mulates on the side faces of the p-Al g Ga lnl As second 

45 upper cladding layer 107 and the upper face of the p- 
GaAs etching stop layer 106. As a result, less material 
is provided on the side faces of the p-GaAs cap layer 
108. 

Furthermore, in Example 1 , each side face of the p- 
50 Al u Ga 1 . g As second upper cladding layer 1 07 constitutes 
an angle (p as shown in Figure 1) of 90° or less with 
respect to the bottom face thereof, thereby bringing the 
side faces of the p-GaAs cap layer 1 08 closer to the side 
faces of the p-AlyGa^As second upper cladding layer 
55 107 than in the case wh re the angle exceeds 90°. As 
a result, more material is provided along the side faces 
of the p-Al 0 Ga Vu As second upper cladding layer 107 
while less material is provided along the side faces of 
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the p-GaAs cap layer 108, thereby allowing a minimum 
area of the Ai-containing layer to be exposed on the sur- 
face. As a result, the deterioration in the crystallinity of 
the contact layer 112 is reduced, thereby effectively re- 
ducing the driving voltage of the semiconductor laser. 

In order to obtain the aforementioned effects, it is 
preferable that the width W2 of the lowermost portion of 
the p-GaAs cap layer 108 and the width W3 of the top- 
most (summit) portion of the convex ridge of the second 
upper cladding layer 1 07 satisfy the relationship 0.3 
< W2 - W3 < 3 Jim. 

In Example 1 , the width of the n-AlyGa-^yAs current 
blocking layer 109 formed on the side faces of the p- 
GaAs cap layer 108 is typically in the range of about 
0.05 jim to about 0.35 um although susceptible to slight 
variation. Such a thickness accounts for about 60% or 
less of about 0.6 urn, which is the thickness of the n- 
AlyGa-, . v As current blocking layer 109 formed in regions 
other than the ridge 1 1 3 (a region other than the portions 
which are in contact with the side faces of the ridge 113). 
The width of the portions of the n-Al v Ga Vv As current 
blocking layer 109 formed on the side faces of the p- 
GaAs cap layer 108 is preferably about 0.4 um or less. 

The width W1 of the upper face of the p-GaAs cap 
layer 1 08, the thickness d1 , and the width W3 of the up- 
per face of the p-Al a Ga Vu As second upper cladding lay- 
er 107 must satisfy the relationship (W1 - W3)/2d1 < 3. 
The value of (W1 - W3)/2d1 indicates the extent of the 
p-GaAs cap layer 108 projecting over the upper face of 
the p-AIGaAs second upper cladding layer 107. Specif- 
ically, the p-GaAs cap layer 1 08 projects more drastical- 
ly over the upper face of the p-Al u Ga Vu As second upper 
cladding layer 107 as the value (W1 - W3)/2d1 increas- 
es. If the value (W1 - W3)/2d1 exceeds about 3, the pro- 
jection of the p-GaAs cap layer 108 becomes excessive 
and makes itself vulnerable, e.g., by breaking off. There- 
fore, the value (W1 - W3)/2d1 must be less than about 
3, and more preferably about 2.5 or less. 

The production method according to Example 1 
does not employ any dielectric films for the second crys- 
tal growth as in the case of the conventional example 
described above. As a result, the semiconductor Jayers 
are prevented from having strain as in the case of the 
conventional example, thereby providing a highly relia- 
ble semiconductor laser. 

In Example 1 : the n-Al v Ga Vv Aspurrent blocking lay- 
er 109, the n-GaAs first protection layer 110, and the p- 
GaAs second protection layer 111, which are formed so 
astocovertheridge 113, are removed by first selectively 
etching the n-GaAs first protection layer 110 and the p- 
GaAs second protection layer 111 (Figure 6G) and then 
etching the n-Al v Ga Vv As current blocking layer 109 
(Figure 6H). By etching the layers 109, 110, and 111 in 
two steps, it becomes possible to complete the selective 
etching of the p-GaAs cap layer 108 (Figure 6C) and the 
etching of the other layers in relatively short time periods 
(as compared with the etching time required for etching 
the three layers 109, 110, and 111 at the same time), 



thereby reducing the occurrence of unsatisfactory prod- 
ucts due to excessive or insufficient etching. 

Furthermore, the process of partially etching the 
current blocking layer 109 is performed by employing 
5 an etchant which provides little selectivity and control- 
ling the etching time. On the contrary, if HF or the like is 
used for selectively etching the n-A^Ga^As current 
blocking layer 109 above the ridge 113, minute holes 
may be created adjacent to the p-GaAs cap layer 108. 
10 Since the p-GaAs second protection layer 111 and the 
n-GaAs first protection layer 110 are already removed 
by etching (Figure 6G), the non-selective etching proc- 
ess can be completed in a short time, so that the occur- 
rence of unsatisfactory products due to excessive or in- 
15 sufficient etching is minimized according to Example 1 . 
The n-Al v Ga Vv As current blocking layer 109, the n- 
Ga As first protection layer 110, the p-GaAs second pro- 
tection layer 111 interpose both side faces of the ridge 
113. (Hereinafter; these three layers will be collectively 
20 referred to as a "current blocking structure"). The sem- 
iconductor laser of Example 1 adopts the current block- 
ing structure in order to reduce the etching time for the 
current blocking layer 109 alone. In other words, the cur- 
rent blocking structure includes two n-layers and one p- 
25 layer, i.e., the n-GaAs first protection layer 110 and the 
p-GaAs second protection layer ili, so as to make it 
possible to securely block the electric current flowing 
within the layers interposed therebetween without over- 
ly increasing the thickness of the n-Al v Ga Vv As current 
30 blocking layer 109. 

The thickness of the n-A^Ga^As current blocking 
layer 109 should be minimized. However, if the n- 
Al v Ga.,_ v As current blocking layer 109 is too thin, the n- 
GaAs first protection layer 110 may absorb some light. 
35 The thickness d2 of the n-Ai v Ga Vv As current blocking 
layer 109 must be larger than at least about 0.2 urn in 
order to achieve propagation based on the actual refrac- 
tive index guide. More preferably, d2 is larger than at 
least about 0.3 um in order to securely prevent light ab- 
40 sorption in the n-GaAs first protection layer 110 located 
on the n-Al v Ga Vv As current blocking layer 109. 

If the total of the thicknesses of the n-A^Ga^As 
current blocking layer 109 and the n-GaAs first protec- 
tion layer 110 is too large, the diffusion of a dopant 
45 through these n-layers may be enhanced so that the p- 
AI 2 Ga Vz As first upper cladding layer may have the n- 
conductivity type. On the other hand, if the total thick- 
ness of the n-layers is too small, the n-layers may break 
down at the time of current injection or the p-type dopant 
50 diffused from the above and below p-layers may impart 
the layers with the p-type conductivity, possibly resulting 
in a current leakage. In order to avoid this problem, it is 
preferable that the thickness d3 of the n-GaAs first pro- 
tection layer 110 satisfy the relationship d2 + d3 > 0.4 
55 u m in ord r to prevent current leakage. More preferably, 
the thickness d3 of the n-GaAs first protection layer 110 
satisfies the relationship d2 + d3 > 0.6 fim. In Example 
1, the n-A^GawAs current blocking layer 109 and the 
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n-GaAs first protection layer 110 are formed in greater 
thicknesses than necessary. 

In Example 1 , the partial etching of the p-GaAs cap 
layer 108 and the p-A^Ga^As second upper cladding 
layer 107 is achieved by wet etching using an etchant 
containing H 2 S0 4 : H 2 0 2 : H 2 0 at 1: 8: 50 (Figure 6C). 
This etching is timed so that the p-Al 0 Ga lHJ As second 
upper cladding layer 107 is not entirely removed but 
rather remains over the entire upper face of the p-GaAs 
etching stop layer 106. 

As an alternative method for this etching step, the 
p-GaAs cap Iayer108can be selectively etched by using 
an etchant which provides a slow etching speed for Al- 
GaAs, e.g., an etchant containing NH 40 H: H 2 0 2 : H 2 0 at 
1: 30: 50 ("Method A'). In this case, this etching step 
may be terminated once the p-GaAs cap layer 108 is 
etched, without etching the p-AIGaAs second upper 
cladding layer 107. Subsequently, it is also possible to 
partially etch the p-GaAs cap layer 108 and the p- 
Al u Ga-, ^As second upper cladding layer 1 07 by an etch- 
ing method which provides little selectivity between Al- 
GaAs and GaAs to form the shape shown in Figure 6C. 
(Method B) 

The advantage of Method A (selective etching) is 
that it is easy to control the etching. The disadvantage 
is that, since the p-A^Ga^As second upper cladding 
layer 107 is left without being etched at all, the subse- 
quent etching step with HF may need to be performed 
for a long time. 

The advantage of Method B is that the etching is 
performed in two steps so that the etching time with the 
etchant containing H 2 S0 4 ; H 2 0 2 : H 2 0 at 1 : 8: 50 can be 
reduced. The disadvantage is that the increased 
number of etching steps, which slightly complicates the 
production process. 

In an alternative method to the method of Example 
1 , it is possible to etch the portion of the n-Al v Ga v v As 
current blocking layer 109 present above the ridge 113. 
In this case, too, the n-Al v Ga-,. v As current blocking layer 
109 has a very small width on each side of the p-GaAs 
cap layer 108 and therefore is less likely to be etched 
than in the conventional example. < 

The p-GaAs contact layer 112 can be grown on the 
plane including the p-GaAs cap layer 108 by either 
MOCVD, MBE (molecular beam epitaxy), or LPE (liquid 
phase epitaxy). Any of the above methods can grow an 
excellent contact layer 112 because the n-AlyGa^As 
current blocking layer 109 has a very small width on 
each side of the p-GaAs cap layer 108. The structure of 
Example 1 is particularly effective for the LPE growth 
method, in which it is relatively difficult to grow crystal 
on AIGaAs. The structure of Example 1 is also particu- 
larly advantageous due to the small width of n- 
AlyGa Vv As current blocking layer 109 on each side of 
the p-GaAs cap layer 108 in th case where electrodes *■ 
are provided on the semiconductor las r without forming 
the p-Ga As contact layer 112 because the adhesion be- 
tween the electrodes and AIGaAs is relatively weak. 



The cap layer 108, the first protection layer 110, and 
the second protection layer 111 can contain Al. For ex- 
ample, thes layers can be made of AIGaAs. 

s (Example 2) 

With reference to Figure 2, a semiconductor laser 
according to Example 2 of the present invention will be 
described. 

*o The semiconductor laser according to Example 2 
has the same structure as that of the semiconductor la- 
ser according to Example 1 except for the shapes of the 
p-GaAs cap layer 108 and the p-A^Ga^As second up- 
per cladding layer 107. 
5 The p-Ga As cap layer 108 has a reversed mesa 
shape. Each side face of the p-GaAs cap layer 108 is 
composed of two portions, the lower portion (indicated 
at a) in Figure 2) being formed closer to the horizontal 
direction. As a result, the thicknesses of the portions of 
o the n-A^Ga^As current blocking layer 109 adjacent to 
the side faces of the p-GaAs cap layer 1 08 can be further 
reduced. In order to obtain this structure, the etching 
time using the etchant containing H 2 S0 4 : H 2 0 2 : H 2 0 at 
1 : 8: 50 in the step of removing portions of the p-GaAs 
s cap layer 108 and the n-AlyGa^yAs current blocking lay- 
er 109 is increased as compared with Example 1 . Thus, 
each comer indicated at a) in Figure 6C is etched to form 
a new lower portion of the side face. 

The p-AlyGa^yAs second upper cladding layer 107 
? is formed so as to have curved side faces as shown at 
b) in Figure 2. By adopting this structure, the distribution 
of a carrier which is injected into the emission region of 
the active layer immediately under the ridge 113 be- 
comes similar to the distribution of light, thereby improv- 
> ing the emission efficiency. In order to obtain this struc- 
ture, the etching time with HF during the step of partially 
etching away the second upper cladding layer 107 is 
adapted so that the etching time for the side faces of the 
ridge 113 alone, performed after removing the p- 
' Al g Ga lHI As second upper cladding layer 107 in regions 
other than the ridge 113, is reduced as compared with 
Example 1. As a result, the shape of the ridge 113 ob- 
tained from the previous step is adequately conserved. 
The lowermost portion of each curved side face of the 
p-AlyGa^As second upper cladding layer 107 is pref- 
erably not so curved that it is asymptotic to the p-GaAs 
etching stop layer 106 (in which case the carrier distri- 
bution would be overly dispersed and lost). Therefore, 
it is preferable that the lowermost portion of each curved 
side face of the p-Al u Ga Vu As second upper cladding 
layer 107 constitutes a sufficient angle with respect to 
the p-GaAs etching stop layer 106. 

The cap layer 108, the first protection layer 110, and 
th second protection layer 111 can contain Al. For ex- 
ample, these layers can be made of AIGaAs. 
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(Example-3) 



With reference to Figures 3A and 3B, a semicon- 
ductor laser according to Example 3 of the present in- 
vention will be described. 

The semiconductor laser according to Example 3 
has the same structure as that ol the semiconductor la- 
ser according to Example 2 except that the side faces 
of the p-GaAs cap layer 108 as well as portions of the 
n-AIGaAs current blocking layer 109, the n-type first pro- 
tection layer 110, and the p-GaAs second protection lay- 
er 1 1 1 in the vicinity of the side faces of the p-GaAs cap 
layer 108 are etched in a concave shape, upon which 
the p-GaAs contact layer 112 is formed. Figure 3A illus- 
trates the case where the p-contact layer 112 is formed 
by LPE growth. Figure 3B illustrates the case where the 
p-contact layer 112 is formed by MOCVD growth. 

In order to obtain this structure, the step ol selec- 
tively removing the first and second protection layers 
110 and 111, the n-GaAs first protection layer 110 and 
the p-GaAs second protection layer 111 must be etched 
longer than in Example 2. By the increased etching time, 
a large gap is obtained on each side between the n- 
Al v Ga Vv As current blocking layer 109 and the first and 
second protection layers 110 and 111 (Figure 7A). Next, 
the n-Al v Ga Vv As current blocking layer 109 on the ridge 
113 is removed by an etchant which provides little se- 
lectivity between AIGaAs and GaAs. As a result, the side 
faces and adjacent areas of the p-GaAs cap layer 108 
are etched in concave shapes, reflecting the previously 
formed large gaps (Figure 7B). Finally, after the etching 
protection film 1 1 5 is removed, the p-GaAs contact layer 
116 is formed over the entire surface, including the con- 
cave groove portions. 

In Example 3, concave grooves are formed includ- 
ing the portions of the n-Al v Ga Vv As current blocking lay- 
er 109 that are exposed on the surface, upon which the 
p-GaAs contact layer 112 is grown. In general, when 
forming a concave groove on a flat substrate and grow- 
ing a crystal thereon, the crystal growth in the groove is 
more enhanced so that the surface of the substrate be- 
comes planar over time. Due to this effect, tfie crystal 
growth on the n-Al v Ga Vv As current blocking layer 109 
is enhanced to further minimize the deterioration in crys- 
tal linity. 

By adopting the structure in which the concave 
grooves are filled or at least covered with the p-GaAs 
contact layer 112, the side laces of the p-GaAs cap layer 
108 (note that it has p-conductivity) are electrically con- 
nected to the p-GaAs second protection layer 111 As a 
result, the p-GaAs cap layer 108 does not confine elec- 
tric currents, so that the resistance of the p-GaAs cap 
layer 1 08 can be drastically reduced. 

The cap layer 1 08, the first protection layer 110, and 
the second protection layer 111 can contain Al. For ex- 
ample, these layers can be made of AIGaAs. 



(Example 4) 

With reference to Figure 4, a semiconductor laser 
according to Example 4 of the present invention will be 

5 described. 

The semiconductor laser according to Example 4 
has the same structure as that of the semiconductor la- 
ser according to Example 1 except that only two layers, 
Le., an n-Ai v Ga Vv As current blocking layer 109 (thick- 
10 ness: about 0.2 urn to about 1 .0 urn) and a p-GaAs pro- 
tection layer 120 (thickness: about 0.5 urn to about 1.5 
urn), are disposed on the outside of the ridge 113. In 
order to prevent current leakage, the doping amount of 
the p-GaAs protection layer 120 is reduced to about 
15 1 0E + 18cm' 3 or less. The structure of Example 4 pro- 
vides the same overall characteristics as the structures 
of Examples 1 and 2. However, the structure of Example 
4 may be less advantageous than the structures of Ex- 
amples 1 and 2 in that the p-type conductivity may be 
20 erroneously imparted for the n-Al v Ga Vv As current 
blocking layer 1 09 due to a slight variation of the growth 
conditions for the crystal. This is because a p-type do- 
pant may diffuse to the n-A^Ga-^As current blocking 
layer 109 to cause some current leakage. 
25 The cap layer 1 08 and the protection layer 1 20 can 
contain Ai. For example, these layers can be made of 
AIGaAs. 



(Example 5) 



30 



With reference to Figure 5, a semiconductor laser 
according to Example 5 of the present invention will be 
described. 

Unlike the aforementioned Examples of the mven- 
35 tion, the semiconductor laser according to Example 5 
does not include the p-GaAs etching stop layer 106. 
That is, the p-Al z Ga Vz As first upper cladding layer 105, 
the p-GaAs etching stop layer 106, and the p- 
Al u Ga Vu As second upper cladding layer 107 are re- 
40 placed by a p-AIGaAs upper cladding structure 1 21 . Fur- 
thermore, the p-type cap layer 108 has a composition 
represented as A^Ga^As (thickness: about 0.2 urn to 
about 1.0 urn; a < 0.4). The n-type first protection layer 
110 has a composition represented as A^Ga^As 
45 (thickness: about 0.2 u,m to about 1 .0 u.m; b < 0.4). The 
p-type second protection layer 111 has a composition 
represented as Al c Ga Vc As (thickness: about 0.5 urn to 
about 1.5 urn; c < 0.4). It should be noted that the cap 
layer 108, the first protection layer 110, and the second 
50 protection layer 1 1 1 may or may not include Al. Moreo- 
ver, the p-Al a Ga Va As cap layer 108 does not have a re- 
versed mesa shape. 

The production method for the semiconductor laser 
of Example 5 differs from the production method for the 
55 semiconductor laser of Example 1 in that the step of par- 
tially etching the cap layer and the second upper clad- 
ding layer and the step of selectively removing the sec- 
ond upper cladding layer are performed by dry etching. 
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In particular, the step of selectively removing the second 
upper cladding layer is time-controlled in order to 
achieve the desired etching because of the lack of etch- 
ing stop lay rs (unlike in Example 1). Since the p- 
Al a Ga 1 . a As cap layer 1 08 does not have a r versed me- 5 
sa shape, the thickness of the n-A^Ga^As current 
blocking layer 109 adjacent to the side faces of the p- 
AlgGa^As ca P ,aver increases as compared with 
Examples 1, 2, and 3, but the thickness is nonetheless 
smaller than in the conventional example so that the io 
problem inherent in the conventional structure is effec- 
tively solved. 

Even in the case where a dielectric film like that 
used in the conventional example is employed, the 
structures of Examples 1 to 5 of the present invention is 
are effective over the conventional structure for prevent- 
ing the n-Al v Ga Vv As current blocking layer 1 09 from be- 
ing etched at the lime of removing the dielectric film with 
HF and the like. 

As described above, in accordance with the present 20 
invention, the crystallinity of the contact layer 112 can 
be improved so that a low-resistance semiconductor la- 
ser can be provided. 

By employing the production method according to 
the present invention, dislocations arc prevented from 2s 
occurring in the active region. As a result, a highly reli- 
able semiconductor laser can be produced. 

Although the above-described Examples only illus- 
trated an AIGaAs material system, it will be appreciated 
by those skilled in the art that any other material system 30 
that does not contradict or hinder the principle of the 
present invention, e.g., InGaAL can alternatively be 
used. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 35 
departing from the scope and spirit of this invention. Ac- 
cordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set 
forth herein, but rather that the claims be broadly con- 
strued. 40 



Claims 

1. A semiconductor laser device comprising: *s 

a semiconductor substrate having a first con- 
ductivity type; and 

a semiconductor multilayer structure provided 
on the semiconductor substrate, the semicon- so 
ductor multilayer structure including an active 
layer, 

wherein the semiconductor multilayer structure 
further includes: 

55 

a lower cladding layer provided below the 
active layer, the lower cladding layer hav- 
ing the first conductivity type; 



an upper cladding structure provided 
abov the active layer, the upper cladding 
structure having a second conductivity 
type; and 

a cap layer provided above the upper cladding 
structure, the cap layer having the second con- 
ductivity type, and 

wherein a ridge is formed in the upper cladding 
structure, and 

a width of a lower face of the cap layer is larger 
than a width of an upper face of the ridge. 

2. A semiconductor laser device according to claim 1 , 
wherein the semiconductor multilayer structure fur- 
ther includes: 

a current blocking layer substantially interpos- 
ing the cap layer and the ridge on both sides, 
the current blocking layer having the first con- 
ductivity type; and 

a protection layer substantially interposing the 
current blocking layer substantially on both 
sides. 

3. A semiconductor laser device according to claim 2, 
wherein the active layer has a refractive index larger 
than a refractive index of the lower cladding layer 
and a refractive index of the upper cladding struc- 
ture, and the current blocking layer has a refractive 
index smaller than the refractive index of the upper 
cladding structure. 

4. A semiconductor laser accordin g to claim 2, where- 
in 

the upper cladding structure and the current 
blocking layer include Al; and 
the cap layer and the protection layer include 
zero or more Al, 

the cap layer including less Al than the upper 
cladding structure, and the protection layer in- 
cluding less Al than the current blocking layer. 

5. A semiconductor laser device according to claim 1 , 
wherein the upper cladding structure includes: 

a first upper cladding layer having the second 
conductivity type; 

an etching stop layer having the second con- 
ductivity type; and 

a second upper cladding layer having the sec- 
ond conductivity type, and 
the ridge is substantially formed in the second 
upper cladding layer. 

6. A semiconductor laser according to claim 5, where- 
in the etching stop layer includes a composition dif- 
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f erent from a composition of the first upper cladding 
layer and a composition of the second upper clad- 
ding layer. 

7. A semiconductor laser device according to claim 1 , 
wherein each of side faces of the cap layer consti- 
tutes about 90° or more with respect to the lower 
face of the cap layer. 

8. A semiconductor laser device according to claim 7, 
wherein each of side faces of the upper cladding 
structure constitutes about 90° or less with respect 
to a lower face of the upper cladding structure. 

9. A semiconductor laser device according to claim 1 
satisfying the relationship 0.3 u.m < W2 - W3 < 3 
u.m, where 

W2 is a width of the lower face of the cap layer; 
and 

W3 is a width of the upper face of the ridge. 

10. A semiconductor laser device according to claim 1 
satisfying the relationship (W1 -W3)/2d1 <3, where 

Wl is a widih of the upper face of Lhe cap iayer, 
W3 is a width of the upper face of the ridge; and 
d1 is a thickness of the cap layer. 

11. A semiconductor laser device according to claim 2, 

wherein the protection layer includes at least a 
first protection layer and a second protection 
layer, which are arranged so that the first pro- 
tection layer is substantially interposed be- 
tween the second protection layer and the cur- 
rent blocking layer, 

the first protection layer having the first conduc- 
tivity type, and the second protection layer hav- 
ing second conductivity type. 

12. A semiconductor laser device according to claim 2 
satisfying the relationship d2 > 0.2 urn! wherein d2 
is a thickness of the current blocking layer. 

13. A semiconductor laser device according to claim 1 1 , 
satisfying the relationship d2 + d3 > 0.4 u.m, wherein 

d2 is a thickness of the current blocking layer; 
and 

d3 is a thickness of the first protection layer. 

1 4. A method for producing a semiconductor laser com- 
prising the steps of: 



conductivity type, and a cap layer having the 
second conductivity type on a semiconductor 
substrate having the first conductivity type; 
forming a stripe-shaped first etching protection 

5 film on the cap layer, the stripe-shaped first 

etching protection film functioning as a mask; 
forming a ridge in the upper cladding structure 
by etching away predetermined regions of the 
cap layer and the upper cladding structure 

10 which are not substantially covered by the 

mask, the ridge having an upper face having a 
width smaller than a width of a lower face of the 
cap layer. 

is 15. A method according to claim 14, wherein 

the upper cladding structure is etched at an 
etching speed faster than an etching speed for the 
cap layer during the step of forming a ridge. 

20 16. A method according to claim 14, wherein 

the step of depositing the upper cladding struc- 
ture comprises a step of depositing, in this or- 
der, a first upper cladding layer having the sec- 
2S ond conductivity type, an etching stop layer 

having the second conductivity type, and a sec- 
ond upper conductivity type having the second 
conductivity type: and 

the step of forming a ridge having an upper face 
30 having a width smaller than a width of a lower 

face of the cap layer forms the ridge in the sec- 
ond upper cladding by etching away predeter- 
mined regions of the cap layer and the second 
upper cladding layer of the upper cladding 
35 structure which are not substantially covered by 

the mask so as to form a ridge in the upper clad- 
ding structure. 

17. A method according to claim 16, wherein the sec- 
40 ond upper cladding layer is etched at an etching 

speed faster than an etching speed for the cap layer 
during the step of forming a ridge. 

18. A method according to claim 16, wherein 

45 the etching stop layer has a composition dif- 

ferent from a composition of the first upper cladding 
layer and a composition of the second upper clad- 
ding layer. 

so 19. A method according to claim 1 4 further comprising, 
subsequent to the step of forming a ridge, the steps 
of: 

forming, in this order, a current blocking layer 
ss having the first conductivity type and a protec- 

tion layer so that the current blocking layer and 
the protection layer substantially cover the cap 
layer and side faces of the ridge; 



depositing, in this order, a lower cladding layer 
having a first conductivity type, an active layer, 
an upper cladding structure having a second 
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forming a second etching protection film in re- 
gions other than a uppermost portion of the pro- 
tection layer projecting upward above the cap 
layer; and 

removing a portion of th protection layer and 5 
the current blocking layer that is formed above 
the cap layer. 



20. A method according to claim 1 9, wherein the step 

of removing a portion of the protection layer and the to 
current blocking layer comprises a step of selective- 
ly removing only the protection layer by an etching 
which provides a faster etching speed for the pro- 
tection layer than for the current blocking layer. 

75 

21. A method according to claim 20, wherein the step 
ot removing a portion of the protection layer and the 
current blocking layer comprises a step of, after se- 
lectively removing only the protection layer, etching 

the current blocking layer by an etching which pro- 20 
vides a substantially equal etching speed for both 
the protection layer and the current blocking layer. 



22. A method according to claim 21, wherein 

the step of etching the current blocking layer 
comprises a step of etching the side faces of the 
cap layer, the current blocking layer in the vicinity 
of the side faces of the cap layer, and the protection 
layer. 

30 

23. A method according to claim 19, wherein 

the active layer has a refractive index larger 
than a refractive index of the lower cladding layer 
and a refractive index of the upper cladding struc- 
ture, and the current blocking layer has a. refractive 35 
index smaller than the refractive index of the upper 
cladding structure. 



24. A method according to claim 1 9, wherein 

40 

the upper cladding structure and the current 
blocking layer include Al; and 
the cap layer and the protection layer include 
zero or more AL 

the cap layer including less Al than the upper 45 
cladding structure, and the protection layer in- 
cluding less Al than the current blocking layer. 



so 
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